Epididymo-Orchitis (EO) is a disease that may affect males in all ages. Neonates and elderly patients may suffer from bacterial infection due to congenital or aging processes affecting the urinary tract. In sexually active post pubertal and young males sexually transmitted organisms may cause EO. EO is also prevalent in pre pubertal healthy boys; however in this group the etiology, the needed imaging modalities and proper management are not clearly defined yet. This manuscript will systematically review the various etiologies causing EO in pre-pubertal boys, discus about the needed proper imaging, and image interpretation, will give treatment and follow-up recommendations.
Prevalence of Epididymo-Orchitis in Prepubertal Children
Epididymo-Orchitis (EO) in prepubertal children was thought to be a rare phenomenon. Anderson et al. [1] in 1985 diagnosed EO in 17 out of 113 boys (15%) presented with acute scrotum. However, the data presented in several other newer studies should change this attitude. Lewis et al. [2] analyzed retrospectively the distribution of the various etiologies for acute scrotal pain in children admitted to the emergency room over a period of 2 years. In this group, 81% (192/238) of the boys were diagnosed having an "inflammatory" process: 46% (109/238) due to torsion of the appendix testis/epididymis and 35% (83/ 238) due to inflammation of the gonad. For comparison only, 16% had torsion of the testis in this study. Klin et al. [3] estimated that the prevalence of EO is 65% in a retrospective analysis of 65 children who were referred within 5 years due to acute scrotal pain, 42 (65%) had "epididymitis" and 5 (8%) had torsion of the appendix testis; 12 patients (18%) had torsion of the testis. Ben Chaim et al. [4] described the surgical findings in 70 children who underwent exploration of the scrotum due to acute pain. In this series 24/70 (34%) had testicular torsion and the remaining 46 (66%) suffered from inflammation, 33 (47%) due to torsion of the gonad appendages and the remaining 13 had undefined inflammation. Halachmi et al. [5] reported about 193 consecutive patients diagnosed with EO admitted to the emergency room during period of 5 years. The rate of EO could be estimated as ~60% as the rate of acute scrotum referals in this period was retrospectively estimated to 322 patients.
McAndrew et al. [6] showed that EO and torsion of the gonadal appendages were a frequent event among 100 children admitted with scrotal pain during a time period of 14 months. Seventy boys (70%) had torsion of the gonad appendix and 12 had inflammation. There were, overall, 8932 general admissions in the same period of time giving an overall incidence of 0.8% for EO patients in the pediatric emergency room. Somekh et al. [7] estimated the prevalence of EO in children to be 1.2/1000 children/year. search proved that inflammation of the gonad in prepubertal children is indeed not a rare event among children admitted to the emergency room and it is very prevalent (60% -70%) in boys presenting with acute scrotal pain.
Etiology for Epididymo-Orchitis in Prepubertal Children

Infectious Causes
Congenital Malformations and Coliform
Bacterial Infection Bacterial infection of the gonad and the urinary tract in pre-pubertal boys may lead to serious illness and to the diagnosis of a congenital malformation [8] . Posterior urethral valve, ectopic ureter [9, 10] , imperforated annus and neurogenic bladder can all presents with EO. Siegel et al. [8] described a group of 17 pre-pubertal children hospitalized for EO. Eight out the 17 (47%) had some form of urinary tract malformation and indeed 6 (75%) of them had coliform bacterial EO. Shirkishi et al. [11] described a case of 14 years old boy with complex malformation including imperforated annus and posterior urethral valve suffering from recurrent bacterial EO resolved after reconstruction and valve ablation. Williams et al. [12] described the relationship between anorectal malformations and the associated urological problems, including bacterial inflammation of the testis and the epididymis. Neurogenic bladder and patients performing clean intermittent catheterization can also present with acute bacterial EO [13, 14] .
Bacterial infection mandates appropriate antimicrobial therapy and further evaluation of the urinary tract by a pediatric urologist. Following acute treatment and until full evaluation and proper definition of the urinary tract anatomy and physiology prophylactic antibiotics treatment should be considered positively.
In summary, congenital anatomical and neurological malformations of the genitourinary system may lead to bacterial infection of the urinary tract that involves the gonad.
Non-Coliform Bacterial Infection
Brucellosis [15] and tuberculosis [16] mainly, may cause non-coliform EO.
Brucellosis EO is a relatively rare phenomena but should be suspected in the presence of other symptoms such as fever, fatigue, arthritis, head ache, lymphadenopathy and heapto-splenomegaly. Positive history for unpasteurized dairy food consumption or direct contact with farm animal may also lead to the diagnosis. High suspicion is needed to diagnose gonadal brucellosis and in case of a doubt consultation with infectious disease specialist is recommended. Definite diagnosis is done by serological or genetic tests.
Tuberculosis (TB) is also a rare condition causing EO [17, 18] , however in the western world due to immigration and traveling of people from countries with a high incidence of TB disease still exists [19] and physicians should have a high clinical suspicion in these cases. Mycobacterium infects the gonad by hematogenous spread causing chronic inflammation and fibrosis. In more advanced cases caseous foci, scrotal ulceration and testis enlargement mimicking gonadal malignancy may be seen. Diagnosis is by serologic or genetic identification of the mycobacterium or by direct staining and visualization; treatment should be given under the direction of infectious disease specialist.
In summary special non-coliform organisms can cause EO. Careful medical history and high clinical suspicion may lead the physician to accurate diagnosis of brucellosis or TB EO.
Viral Infection
Somekh et al. [7] investigated the etiology causing EO in 44 children; only one of them (2.7%) had positive urine culture. In 20% of the patients serological evidence for recent viral infection was discovered. All 43 children were treated conservatively and recovered spontaneously. The authors suggested that epididymitis in boys was not rare and mostly an inflammatory phenomenon (presumably postviral infectious) with a benign course. Greenfield et al. supported the etiology of viral infection as the cause for EO in a review of nine cases of epididymitis due to Haemophilus influenza type b infection. Tassar et al. [20] described a rare case of epididymitis related to acute hepatitis B infection. Orchitis is a well-known common complication of mumps infection usually affecting peri-pubertal boys [21] .
In summary viral infection and post viral infection may cause EO. As we do not use routine specific markers to diagnose viral infection in these patients we can assume that the unspecific cases can be related to this etiology and we can also assume that this is the most common cause of EO.
Noninfectious Causes of EO
Torsion of the Gonadal Appendages
The gonad appendages are remnant of the mullerian duct. During the embryonic life and sexual male differentiation, the developing Sertoli cells secrete in response to the SRY protein a glycoprotein hormone called mllerianinhibiting substance (MIS). MIS causes a rapid regression of the paramesonephric mullerian ducts between the 8th and 10th weeks. Appendix epididymis and paradidymis arise from the mesonephric ducts. These remnants have oval or cylindrical shape 2 -4 millimeters long atCopyright © 2013 SciRes. OJU S. HALACHMI, N. KATZ 98 tached to the gonad on a narrow base. The discrepancy between the organ length and narrow base makes it prone to spontaneous torsion, inflammation and necrosis.
In the early stages torsion of the gonad appendages can be easily diagnosed by physical examination and Doppler ultrasound of the scrotum. Physical examination at early stages may localize the pain to the upper pole of the testis or epididymis. Torsion of the appendix testis can be easily detected by ultrasound (US) in early stages of the torsion, as an a-vascular structure, however if the patient arrives to the hospital several days after the initiation of the torsion, probably the whole gonad will be inflamed and the appendages will not be identified sonographically because of the inflammatory background, leading to a non-specific sonographic picture [22, 23] . Since this phenomenon is prevalent we can assume that a high percentage of nonbacterial incidence of EO may be patients with gonad appendages torsion arriving late to seek medical attention.
Ben Chaim et al. [4] analyzed the surgical findings of 70 children undergoing exploration for acute scrotal pain. Torsion of the gonadal appendix was found in 33 (47%) of the children, as the cause for the inflammation. Hegarty et al. [24] published similar results in a series of 100 consecutive boys with scrotal pain who had scrotal surgical exploration, showing a rate of 32% of gonadal appendage torsion, and 20% gonadal nonbacterial inflammation. McAndrew et al. [6] found a 70% rate of torsion of the appendix testis in 100 consecutive patients admitted because of scrotal pain during a period of 14 months.
Torsion of the testicular appendages is a self-limited condition. Since the cause of the inflammation is "mechanical" there is no need to give antimicrobial therapy. Patients should be treated by non-steroidal anti-inflammatory drugs (NSAIDS) and rest. The inflammatory process recovery varies between few days to 3 -6 weeks.
In summary, torsion of the testicular appendages is a very common finding in boys with acute scrotum (up to 30% -70%), it may be even more prevalent, however if the patients arrives during the late stage only nonspecific inflammation will be seen. Torsion of the testicular appendages is a self-limited process, and should be treated with NSAIDS and rest.
Imaging Studies
Imaging of the Scrotum during the Acute
Episode Phase Torsion of the testis is above all an emergency medical situation; all patients with acute scrotum should be immediately evaluated by a pediatric urologist or pediatric surgeon to rule out this diagnosis and manage the case properly regarding examination, imaging, and issues related to an immediate operation if needed.
Doppler ultrasound imaging of the gonad is the main tool to evaluate patients with acute scrotum [25] [26] [27] . Routine scrotal exploration is no longer recommended for children with an acute scrotum whose Doppler ultrasound demonstrated blood flow to the testis [28] . Clinical judgment of a skillful surgeon is always a crucial factor [29] . The testis, epididymis, and gonadal appendages are well visualized during elective scrotal ultrasonography [30] . The sonographic appearance of torsed gonadal appendix was clearly described in the medical literature [31, 32] . The twisted appendix is enlarged and hypoecoic in the acute phase. (The) identification of a testicular appendage larger than 5.6 mm is suggestive of torsion. The situation may be accompanied by hydrocele and thickening of the scrotal wall, enlargement of the head of the epididymis, and increased testicular blood flow. Halachmi et al. [5] repeated scrotal ultrasound in a child with clear sonographic diagnosis of gonadal appendix torsion. Within 24 -36 h following the first ultrasound, the whole epididymis and then the testis became inflamed, showing nonspecific inflammation masking the ability to identify the torsed appendix. Hence, children with torsed gonadal appendix presenting a few days after the beginning of symptoms may not be diagnosed sonographicaly, probably explained by the non-significant sonographic findings of inflammation in many cases.
In summary Doppler ultrasound is the main tool to rule out torsion and diagnose torsion of the appendix testis. In late phase cases a nonspecific inflammation is seen in the gonad.
Further Imaging of the Urinary Tract System
Proven bacterial urinary tract infection mandates full evaluation of the urinary tract including invasive studies. Siegel et al. [8] demonstrated variety of urogenial anomalies in patients with bacterial EO. Another important conclusion from this work was the fact that there is no need for any further imaging studies for patients with nonbacterial inflammation. Halachmi et al. [5] retrospectively described 31 patients that had additional imaging after being diagnosed with nonbacterial inflammation. In all 31 patients imaging studies, renal ultrasound, IVP, and voiding cysto-urethrography (VCUG) were normal, and did not show any pathology. Cappele et al. [33] performed ultrasound and VCUG in 38 patients with acute epididymitis; 12 (31%) bacterial infection, 26 (79%) nonbacterial. Only seven patients (18%) had any urinary tract anomaly, of which some were not directly associated with the EO, such as renal malrotation and ureteropelvic junction obstruction. The remaining anomalies included vesicoureteral reflux, obstructing ureterocele, seminal vesicle reflux, and utricular reflux. The patient with the ureterocele was the only one who underwent corrective surgery. The authors concluded that with negative history for urological anomaly in addition to nonbacterial EO, further imaging investigation of the urinary tract should be performed only after the second episode.
In summary besides scrotal imaging further imaging of the urinary tract should be performed only in case of positive history for urinary tract anomaly, and in case of bacterial infection. Choosing proper imaging should be done following consultation with pediatric urologist. Careful history and physical examination are always key points for an accurate diagnosis. Usually torsion of the testis is accompanied by an abrupt severe pain, while torsion of the gonad appendages is usually accompanied by gradual discomfort, and pain that may be more prominent during physical activity and can be partially relieved by rest. Classic appearance of symptoms is not a rule in those situations; hence a good clinical judgment will avoid a missing testis torsion.
Management
Bacterial urinary tract infection should be highly suspected in patients with positive history for urological and For patients in whom bacterial infection is unlikely, i.e., there is negative medical history, no dysuria, normal body temperature, and clear urinalysis, conservative management including rest, scrotal elevation, and nonsteroidal anti-inflammatory drugs (NSAIDs) is the proper strategy. Somekh et al. [7] showed spontaneous resolution of the inflammation within a week without any treatment beside NSAIDs. Proven torsion of the gonadal appendages is also amenable for the same conservative management, Cappele et al. [33] , examined patients with nonbacterial epididymitis treated conservatively 1 month after the acute event, showing complete resolution of the inflammatory process without any effect on the gonad size and consistency. Despite the fact that patients with nonbacterial EO do not present with any typical symptoms of urinary tract infection, there is a nonjustified tendency for the administration of antibiotics. Halachmi et al. [5] showed that unnecessary antibiotic course was given to 142/169 (78%) children with nonbacterial EO. Graumman et al. [34] also support these finding, urinalysis of 93 consecutive patients with EO the authors showed that in 92 cases urinalysis was normal and in all 93 cases urine culture was negative.
Summary
EO is prevalent in pre-pubertal boys, according to age stratification, medical history, physical examination and urinalysis the etiology to EO could be identified, and tailored treatment, further imaging or just follow-up could be recommended for each patient. Knowledge of the pathophisiology of EO will avoid unnecessary antibiotic treatment and unneeded imaging of the urinary tract.
